Introduction
Deficiencies of iron and other micronutrients in young children remain a significant health issue in most developing and many middle-income countries. National supplementation and fortification programmes can be effective in reducing deficiencies, but the implementation of such programmes presents many challenges. Home fortification with complementary food supplements (CFS) has recently been promoted as an alternative intervention for combating deficiencies (Nestel et al., 2003) . Few studies, however, have compared the efficacy and acceptability of these strategies in different population settings.
Micronutrient deficiencies are an important public health issue in Iran, with iron and zinc deficiencies affecting up to a third of children nationally, and deficiencies for vitamins A and D reported in a number of regions (MOHME, 2001) . The national supplementation programme has provided iron and vitamin A plus D supplements, or iron plus multivitamin supplements as syrups (Drops) for children aged under 2 years age for 15 years. However, the 2001 national micronutrient survey showed that half of the children did not consume the supplements on a regular basis as a result of undesired side effects (MOHME, 1998) . CFS may offer a more effective intervention, given the low acceptability of the syrup supplement.
The potential effectiveness of CFS in Iran is uncertain as the majority of Sprinkles and Foodlets efficacy trials have recruited anaemic children as participants in areas with a higher prevalence of anaemia than in Iranian children (Zlotkin et al., 2001 (Zlotkin et al., , 2003 Smuts et al., 2005b; Christofides et al., 2006) . In addition, other micronutrient deficiencies coexist with anaemia, which may reduce the effectiveness of CFS. Finally, differences in the staple foods consumed in Iran and those in communities in which the previous efficacy trials were carried out may alter the bioavailability of the micronutrients included in CFS (wheat and rice versus maize).
The aim of this study was, therefore, to compare the efficacy over 4 months of daily multiple micronutrient supplements provided as Sprinkles, Foodlets and the currently provided Drops, on micronutrient status (iron, zinc, vitamin A and vitamin D) , growth and anthropometric status in a sample of Iranian children aged 6-18 months.
Subjects and methods

Study population
The study was conducted from May to September 2007 in Hashtgerd, a regional urban area of Iran. Community diets consist mainly of bread, rice, grains and vegetable, with occasional consumption of meat. The study was conducted at three urban health centres and two health posts. All children aged less than 2 years in the district are treated by these centers, and are included in their registries.
The recruitment and flow of subjects through the study is summarised in Figure 1 . Mothers (n ¼ 405) of children 6-18 months were randomly selected by registry file number and invited to participate in the study. Children were enroled if they were permanent residents in the region; parents agreed to refrain from purchasing additional supplements, and children received at least one complementary food. Children were excluded if they had any of: haemoglobin (Hb) concentrations o70 g/l; clinical signs of acute or chronic illness; congenital defect as reported by the mothers; severe wasting (oÀ3 weight-for-length Z-score); or clinical signs of protein-energy malnutrition. Children excluded were referred to the local health center for treatment with regular follow-up.
Enroled children were randomly assigned to Sprinkles, Foodlets or Drops by an independent statistician with randomisation stratified by health centre and health post. The Drops were equivalent to the supplement provided by the national supplementation programme. 
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Hb (n=112) Blood serum (n=104) Anthropometry (n=112) Figure 1 Flow diagram of subjects, progress through the study. Administration of supplements began 15±4 days after baseline assessment. Owing to the form of the supplements (powder, tablet and drop) it was not feasible to blind field staff or mothers to the treatment groups. Shortly after recruitment, the mothers and children attended a group education and feeding session in which verbal explanations about micronutrient supplementation were given along with a training pamphlet explaining how to administer the supplement. Field staff and supervisors initiated education sessions and closely monitored the study.
Data collection
Baseline information on gender, birth date, breastfeeding patterns, health condition and frequency of supplement intake during the previous week was collected by five trained interviewers using a structured questionnaire developed previously for the National Micronutrient Integrated Survey (MOHME, 2001) and Anthropometric Nutrition Indicators Survey (MOHME, 1998). Detailed information was also collected on family, social and demographic characteristics.
Anthropometric measures
Birthweight was obtained from clinic records. Initial and final weight was recorded to the nearest 0.1 kg, using a mechanical weighing scale (SECA 725, SECA, Hamburg, Germany) (United Nations, 1986). Length was measured to the nearest 10 mm with a locally produced wooden measuring board. All measurements were taken by the same healthworker to exclude inter-examiner variation. Weightfor-Age, length-for-age and weight-for-length Z-scores were calculated using the Emergency Nutrition Assessment software based on WHO 2006 Multicenter Growth References (Erhar and Golden, 2007) .
Biochemical determinations
Venous blood samples (5 ml) were collected between 0800 and 1000 h from non-fasting children using trace-elementfree tubes and tips (soaked in a 20% acid bath for 24 h, then rinsed with ASTM Type I water three times). Samples were kept in containers after collection to prevent exposure to direct light.
Haemoglobin measurements were taken immediately at the Hashtgerd laboratory on 1 ml blood using a Coulter Counter (Sysmex KX 21, Japan). A coefficient of variation (1%) was determined by the Reference Laboratory, Ministry of Health and Medical Education in Tehran. This is the National Health Laboratory and designated a WHO Collaborating Centre on Quality Assurance in Clinical Chemistry since 1994. The remaining blood sample was immediately centrifuged (10 min at 12 000 g) before storage at À20 1C. Frozen serum samples were transported at weekly intervals to the Reference Laboratory, where the other analyses were completed.
Serum ferritin was assayed with an enzyme-linked immunoassay with monoclonal antibodies using commercial test kits (Padtan Elm, Tehran, Iran). Serum zinc concentrations were analysed by electrothermal atomic absorption spectrophotometry (Varian 20 plus) calibrated with a zinc standard (Merck). Serum retinol concentrations were determined using high-performance liquid chromatography (Cecil, UK). Serum 25(OH) vitamin D was estimated using radioimmunoassay (BioSource Europe S.A., Belgium). The intraassay coefficient of variation for serum ferritin, zinc and 25(OH) D was 4.8%, 2.2% and 5.5%, respectively.
Sample size
Sample size calculations were based on changes in iron and zinc status, the most limiting micronutrients for children in Iran. Using the one-way analysis of variance multiple comparisons test with 80% power and 5% significance level, detecting a 4 g/l difference in mean Hb between groups at the end of intervention (Hop and Berger, 2005; Smuts et al., 2005a; Christofides et al., 2006) requires a sample size of 360 children (120 in each group), based on the standard (MOHME, 2001) . Similarly this provides sufficient power to detect mean group differences of 5.5 mg/dl in serum zinc, using s ¼ 13.5 mg/dl.
Data entry, processing and analyses Data forms were checked for range, completeness and validity, then entered twice by different data entry staff to detect inconsistencies (using Excel, Microsoft, 2003) . Nonnormally distributed variables (for example, serum ferritin) were log-transformed. Study outcomes were changes from baseline at 4 months in biochemical and anthropometric indices. Anaemia was defined using the WHO definition of Hb o110 g/l and iron deficiency defined as serum ferritin o12 mg/l (Dallman et al., 1996; WHO and UNICEF, 2001) . Zinc deficiency was defined as serum zinc concentration o65 mg/dl as recommended for children o10 years of age (Hotz et al., 2003; de Benoist et al., 2007) . Vitamin A deficiency was defined as serum retinol o1.05 mmol/l (West, 2002; de Pee and Dary, 2002) , and vitamin D deficiency as serum 25(OH) D o20 ng/ml (vitamin D deficiency) (Lips, 2004) .
Treatment groups were compared using analysis of covariance with treatment group as the main effect, and sex, age category, compliance and stunting as covariates. Differences were considered significant at Po0.05. SPSS software (version 15, SPSS Inc., Chicago, IL, USA) was used for all statistical computations.
Ethical clearance was obtained from the ethics committees of The University of Queensland and the Ministry of Health and Medical Education in Iran.
Results
Of the 405 children recruited, 43 children were excluded from analysis (13 did not meet inclusion criteria; 2 had Hb o70 g/l; 14 refused to participate; and 14 failed to attend both blood collections), leaving a final sample of 362 children. Of these, 313 (86%) had complete anthropometric and Hb data, and 301 (83%) had full biochemical data. There were no significant differences in infant characteristics, socioeconomic status, biochemical and anthropometric indices between the 61 dropouts and 301 who completed the study (data not shown).
There were no significant differences in child, mother or family sociodemographic characteristics between the three treatment groups at baseline ( Table 2 ). The mean age of children was 12.2±3.5 months, and 48.3% were of 6-11 months. There were no significant differences in mean baseline Hb, serum ferritin, zinc, retinol or 25(OH) D concentrations across groups. In addition, the compliance rate of using the national supplementation in the week before baseline was similar (Table 2) .
Mean Hb increased in all three groups over 4 months with a significantly greater increase in the Drops group when compared with the Sprinkles group (Table 3) . Serum ferritin changed most in the Drops group with the increase significantly different from the Foodlets group. Zinc concentration also increased in all three groups and was greatest in the Sprinkles group, a significantly greater increase relative to the other two groups. There were no significant differences across treatment groups in the changes in mean serum retinol and 25(OH) D concentrations.
The proportions of anaemic children dropped from baseline levels in all three groups, as did the proportions with iron deficiency. However, no significant differences in these changes were found between groups (Table 4 ). The Foodlets and Sprinkles groups had a significantly greater reduction in proportion of children with zinc deficiency compared with the Drops group. No significant differences were found in the change in prevalence of vitamin A deficiency or vitamin D deficiency across groups.
There was little evidence of widespread growth retardation based on the baseline values with most mean weight-forlength Z-score values close to 0.0 and standard deviations close to 1.0 (Table 5 ). There were no significant differences in changes in anthropometric measures, or change in prevalence of underweight, stunting and wasting across groups.
Discussion
This study examined whether multiple micronutrient Sprinkles and Foodlets were more effective in improving micronutrient status and growth among Iranian children aged 6-18 months than the currently recommended supplement (Drops). The results suggest that the most effective form of supplementation depends on the outcome: Drops are most effective for improving iron status, whereas Sprinkles and Foodlets are most effective for improving zinc status.
The bioavailability of the iron fortificant used in the different supplements could explain the different outcomes for Hb and serum ferritin among children in the Drops compared with the Sprinkles and Foodlets groups. The absorption of iron from the ferrous sulphate used in the Drops is 2-3 times greater than for the ferrous fumarate used in the Sprinkles and Foodlets (Sarker et al., 2004; PerezExposito et al., 2005) . Iron absorption from Drops may also have been greater as a result of its direct administration compared with absorption from Sprinkles and Foodlets, which were mixed into foods.
The inclusion of zinc with iron in the Sprinkles and Foodlets may also have reduced iron absorption and influenced the results. Previous studies have shown that combining zinc plus iron in syrup is less efficacious in improving iron status than iron alone (Lind et al., 2004; Wieringa et al., 2007) . However, zinc fortification has not been found to suppress iron absorption in iron-fortified foods or when included with iron in complementary foods (Whittaker, 1998; Zlotkin et al., 2003; Brown et al., 2007) . Differing doses of zinc gluconate (5 or 10 mg) also had no effect on absorption of 30 mg ferrous fumarate when added to a maize-based complementary food . A similar lack of effect of zinc on iron absorption in our study is suggested by the inconsistency in effects on different markers of iron and zinc status.
Iron absorption is also influenced by the iron status of the individuals and dietary composition (Hurrell, 2002) . Baseline iron status cannot explain differences in our findings as initial iron status was similar for all three groups of children. Increased absorption of iron can occur when the diet contains adequate amounts of ascorbic acid . Ascorbic acid in fortified infant cereal has been reported to enhance iron absorption but has no effect on absorption when included in a chocolate drink powder (Hurrell et al., 1991; Fidler et al., 2003) . No studies have addressed the effect of ascorbic acid on the absorption of microencapsulated ferrous fumarate when added to wheat or rice-based complementary food as was done in our study.
The greater effect of Sprinkles and Foodlets on zinc status is consistent with findings from previous studies. The International Research on Infant Supplementation study carried out in South Africa reported that zinc in daily Foodlets was more effective in improving zinc status than iron alone (Smuts et al., 2005a) . Studies have also demonstrated that iron does not have an effect on zinc absorption when added to a meal or formula (USAID, 1996) . However, serum zinc was found to decrease in both iron Sprinkles and iron plus zinc Sprinkles groups in anaemic Ghanaian children (Zlotkin et al., 2003) . The inconsistency with our findings may be due to the different type of complementary foods used (maize versus wheat or rice-based complementary foods), the high prevalence of zinc deficiency in our study population compared with the Ghana study (38 versus 19.3%), and/or the high dose of iron (80 mg) used in the Ghana study. 
Comparison of Sprinkles, Foodlets and Drops in Iran K Samadpour et al
Most children in our study had adequate vitamin A levels at baseline and there were no children with vitamin A deficiency at the end of trial. This finding is likely because of the previous use of vitamin A supplements and that 88% of the study children were breastfed. All three groups also had sufficient serum vitamin D concentrations at baseline. The significant increase in mean serum 25(OH) D among children in the Drops group is likely because of differences in the doses for vitamin D between Drops (10 mg) compared with Sprinkles and Foodlets (5 mg).
We have no data to assess whether or not the other nutrients provided by Sprinkles and Foodlets, but not Drops (vitamin B 12 , folic acid, copper and iodine), provided specific additional benefits.
Little impact was observed on growth or anthropometric status, with no significant differences between groups. This contrasts with reports from recent meta-analyses in which supplementation with zinc or multiple micronutrients was associated with gains in weight and linear growth among children o5 years (Brown et al., 2002; Ramakrishnan et al., 2009) . The pooled analysis from the International Research on Infant Supplementation trials also found that daily multiple micronutrient supplementation was associated with small reductions in infant weight faltering, though Comparison of Sprinkles, Foodlets and Drops in Iran K Samadpour et al there was no effect on length faltering (Allen and Shrimpton, 2005) . Contributors to the lack of effect in our study may be the short supplementation period and low doses of zinc in supplements. More importantly though is the relatively low baseline prevalence of underweight, stunting and wasting. The low prevalence is a consequence of the national child care campaign in Iran to improve energy intakes of infants, which has led to a decline in stunting prevalence from 15.5% in 1998 to 4.7% in 2005 (Sheikholeslam et al., 2008) . A limitation of our study was that mothers and staff were not blind to the supplement due to their different forms. However, project personnel, who assessed weight and height, and laboratory staff were blinded to group assignment. Another limitation was an increased attention to children because of the frequent visits by field workers, which may have improved infant health status; however, this was similar across groups. Children were not screened for C-reactive protein to detect infection, which might have affected micronutrient status. However, the proportion of children at baseline and at the end of the treatment with elevated white blood cell (WBC417 500), an indicator of infection (Soldin et al., 2003) , was low (o1.5%) in each group and did not differ significantly between groups. There were no significant differences in compliance or in baseline characteristics between children who dropped out and who remained in the study.
Our study is the first efficacy trial for these CFSs in the Middle East where wheat or rice is the principal complementary foods. Different outcomes for the three multiple micronutrient supplements were largely consistent with their micronutrient composition, though the effect on anaemia for Sprinkles and Foodlets was less than expected. The three supplements were all effective in improving iron status and decreasing the prevalence of anaemia in this population. Sprinkles and Foodlets had greater benefit than Drops on zinc status. From a public policy perspective, the preferred option in this population depends on the nutrients of interest with Drops being the best option for improving iron status, whereas either Sprinkles or Foodlets are effective options for improving zinc status. 
